Organ donation in Australia has permitted transplantation of the kidneys, heart, lung, pancreas, liver and cornea. Each of these programs has successfully provided life and rehabilitation to Australians with end-stage failure of one or more organs. The programs are supported by an infrastructure of donor co-ordinators, matching and allocation procedures and national co-operative registries, which record and publish the outcome of each form of transplant. Four national organizations work to rates are lower than in many, but not all, comparable developed democracies, however utilization of those donor offers is high, leading to 698 organ transplants being performed in 1993.
Organ Donation
The rate of organ donation can be described in many ways, but it has become a convention to express it as the number of donors per million of the population (pmp). This is a useful statistic for comparison across international boundaries which define populations and can help to distinguish trends in donation. It must be remembered that it is perhaps less useful when the population sizes are small, such as those occurring in most Australian States, where a single donor can cause a 10070 variation.
Over the past five years Australia has had an average rate of 12.6 cadaver donors pmp (range 12.0 to 13.8 compared with a range internationally of 11 to 21). This represents approximately 220 donors in Australia per year, from a population of 17.5 million. There are approximately 120,000 deaths each year in Australia, but only 2000 of these are road traffic accident deaths. Organ donation rates have been linked quite closely to both the rate of road traffic deaths and to the numbers of patients who die of intracerebral haemorrhage l • It is thus relevant to realise the implications of the relatively low and declining road death rates in Australia when making international comparisons. For example, cadaveric kidney donation rates during 1992 (usually two kidneys transplanted per donor) were 40.2 pmp in Austria, 34.9 in Belgium, 30.6 in the USA, 28.2 in the U.K. and 23.3 in Australia.
The National Organ Donor Registry (NODR) keeps the records of all actual organ donors. All data is collected by the donor transplant co-ordinators and the NODR Annual Report is edited jointly by the Australasian Transplant Co-ordinators Association (ATCA) and the Australian and New Zealand Dialysis and Transplant Registry (ANZDATA). The registry shows, for example, that the major cause of death of Australian organ donors in 1993 was cerebral haemorrhage (52%) followed by road trauma (280/0) and other trauma (10%)2 ( Table 1) . Males represented 570/0 of organ donors. Since 1990 there has been a small but steady increase in the number of organ donors, from 204 in 1990, to 224 in 1993. While the donation rates are relatively low, Australia does make use of a very high proportion of the individual organ donations that are offered, with a total of 573 transplants in 1990 and 698 in 1993. Between 1992 and 1993 there was a 10% rise (l7% to 27%) in families volunteering organ donation at the time of death of a relative, indicating an increase in awareness and family discussion of the issue. Co-ordination of the process of donation and allocation is managed by a network of State-based donor co-ordinators and hospital-based clinical transplant coordinators. The donor co-ordinators are funded by State Health Departments, and are responsible for managing the interaction between donating hospitals and the transplanting units ( Table 2 ). Despite growth in the number of units able to transplant and an increasing number of transplants actually performed (Table 3) , the need for organ donation is rising, resulting in ever increasing waiting lists.
Kidney Transplantation
Since the first renal transplant programs were established in the mid 1960s, kidney transplantation has been a major component of the Australian renal programs.
Approximately 400 cadaver kidney transplants are currently performed each year. An average of 63 transplants each year are from living donors, almost all being related to the recipient, representing 14% of the overall kidney transplants performed each year. An interstate kidney sharing program was established in the early 1980s and has been progressively refined since its establishment. The Interstate Exchange Committee (IEC), responsible for running the program, meets annually and determines the allocation which uses blood group, tissue matching and HLA sensitization as its primary parameters. That algorithm is managed by the National Kidney Matching Service operated by the New South Wales Tissue Typing The data on all patients in Australia who have ever been treated by dialysis or transplantation for end-stage renal failure are recorded in the Australian and New Zealand Dialysis and Transplant Registry (ANZDATA), based at the Queen Elizabeth Hospital, Adelaide, South Australia, and published annually'. Australian patient survival at one year is 931lJo while cadaver graft survival is 871lJo; at five years the figures are 82% and 70% respectively.
Liver Transplantation
Each year about 115 patients receive liver transplants in Australia. They are derived from two distinct groups of people: paediatric patients with congenital liver disease, especially biliary atresia; and adult patients with end-stage hepatic failure, due usually to chronic destruction from autoimmune or viral disease. Patients with hepatic malignancy and alcoholic cirrhosis have, in the past, done poorly after a liver transplant and have tended not to be placed upon transplant waiting lists. A small number of patients with fulminant acute hepatic failure come to urgent transplantation, and there is a variety of rare conditions such as oxalosis which are remediable by liver transplantation.
An agreed allocation using a rotation system for liver transplantation has been working successfully for two years. Most liver transplants are ABO compatible but urgent patients may receive incompatible grafts. The main basis for recipient selection is on size matching, with secondary emphasis on crossmatching, while no attempt is made to HLA match. In this allocation system, the donor's home State liver transplant unit has the first offer. If however there is no suitable local recipient, the offer is made to the other units on a rotating basis, with each State maintaining their own schedule of rotation. The liver may only be transplanted into non-national patients if there are no suitable Australia or New Zealand (NZ) recipients. The actual donor surgery is usually performed by the surgical team based in the donor's State, with subsequent transfer of the organ by air to the interstate transplant unit.
When there is a patient in urgent need of a liver transplant (usually comatose and ventilated), that patient may be allocated the next liver that becomes available nationally, subject to agreement on a caseby-case basis between the relevant units' Directors.
Two methods have been used to attempt to increase the number of liver transplants performed. The first is living donation of a part of a liver, especially from a parent to a child. The second has been to divide the liver to enable use of a large liver for a small recipient. Both procedures have fallen from favour largely because of the worse outcome.
Data concerning all liver grafts and recipients since 1985 are recorded in the "Report on Liver Transplantation in Australia", from the combined Registries of the Australian Liver Transplant Centres. The processing of the Report rotates between the three major Centres and is currently based at the Royal Prince Alfred Hospital, Sydney, N.S.W.'
Heart and Lung Transplantation
The first heart transplant program in Australia was established in 1984. The first combined heart-lung transpant was performed in 1986, while single-and then double-lung transplants commenced in 1990 and 1992 respectively.
The main indications for heart transplantation are ischaemic heart disease (401lJo) and idiopathic cardiomyopathy (38IlJo), with an average recipient age of 42 years. The mean age of heart-lung recipients is lower at 33 years, reflecting the incidence of the diseases comprising the major indications, notably pulmonary hypertension, alpha-I-antitrypsin deficiency (AAT), Eisenmenger's syndrome and cystic fibrosis. Lung transplants have been performed primarily for emphysema, cystic fibrosis and AAT.
The offer of donation of the heart and lungs is initially made to the transplant unit in the donor's State. If the heart only is accepted, the lungs are then offered to" the next unit according to the State rotation list. In an attempt to restrict the number of retrieval teams in the donor's hospital, one unit performs the total retrieval and the organ(s) for the second and third unit are transferred interstate by air. When a transplant unit has a patient whose need is especially urgent, usually because they are using a mechanical assistance device, an· urgent request may be lodged around Australia. If a donor heart of the right blood group and correct size becomes available it may then be offered to the urgent patient following discussion between the unit Directors.
Data on heart and lung transplantation are recorded in the Australian and New Zealand Cardiothoracic Organ Transplant Registry, based at St Vincent's Hospital, Sydney, N.S.w. 6 The overall actuarial survival after cardiac transplantation is 87.2070 at one year and 70% at ten years. There has been a steady improvement in outcome since 1985 and the major factors that influence success are well delineated. Success is affected, for example, by the extremes of age of the recipient, type of immunosuppressive protocol and blood group. Survival after heart-lung transplantation is 75% at one year while the figure is 78% after single lung transplantation. Perhaps the most interesting measure of rehabilitation after cardiac transplantation is the low percentage of patients remaining on invalid pensions, sickness benefits or unemployment benefit, which, depending upon the year after transplantation, varies from 20% to 25 % in the first five years.
Pancreas Transplantation
There are between 30 and 50 patients each year in Australia who have type I diabetes mellitus and develop end-stage renal failure. Approximately 20 to 30 are medically suitable for a combined renal/pancreas transplant and between 10 and 15 are transplanted in one of the two active pancreas transplant units which are at Westmead Hospital in Sydney (10 per annum) and Monash Medical Centre in Melbourne. The pancreas units retrieve largely from within their own State, and the kidney and pancreas are transplanted simultaneously from the same donor in almost all cases. Allocation is based upon a negative crossmatch test and chronological order of joining the waiting list. Because of a need for short ischaemia times and the small numbers on the waiting lists, tissue type matching is impractical even though it has been shown to yield a small benefit. Pancreas transplantation alone, in a nonuraemic diabetic, is very unusual in Australia because of the relatively poor outcome without transplantation of a concomitant kidney. Data on pancreas transplantation are recorded in the Australian Pancreas Transplant Registry, based at Westmead Hospital, Sydney, N.S.w.' The overall one-year pancreas graft survival is 75%, while the outcome of the kidney is very similar to that seen in non-diabetic patients in the ANZDATA registry, with an 87% one-year actuarial survival. Data is still being accumulated within the individual centres on the benefits that may accrue due to the optimization of glucose control after transplant. 
Corneal Transplantation
The cornea was the first tissue to be transplanted successfully in Australia in 1941 and is now the commonest transplant procedure to be performed in this country. The Australian Corneal Graft Registry is based at the Flinders Medical Centre, Adelaide, S.A. The 1990 to 1992 Registry report 8 notes a five-year Kaplan-Meier graft survival for penetrating and lamellar grafts of 72% and 84% respectively. The Registry remains a large undertaking with 299 surgeons each working independently and following approximately 6,500 corneal graft recipients.
National Organizations Involved in Transplantation
There are four principal organizations involved in the promotion of organ transplantation in Australia. The first of these is the Transplantation Society of Australia and New Zealand (TSANZ). TSANZ is a professional body representing transplant clinicians, research investigators, other professionals and postgraduate students. The primary purpose of TSANZ is the advancement of the science of transplantation and the sponsorship of annual scientific and educational meetings.
The Australasian Transplant Co-ordinators' Association (ATCA) encompasses individuals working in the three separate areas of transplant co-ordination. There are recipient co-ordinators responsible to specific transplant units for the arrangements of operating teams and recipients. Donor co-ordinators, on the other hand, are responsible for organ donation and retrieval in the donor's hospital and to the donor's family. Corneal transplant co-ordinators operate from the eyebanks established in each State.
The Australian Kidney Foundation (AKF) is a charitable foundation that has raised money for research into all forms of kidney disease and for many years single-handedly pursued strategies for increasing organ donor awareness in the general community. The major current initiative of the AKF is an education kit for schools, "Transplantation: the Issues", launched in March 1992, and now used as a resource in 25% of secondary schools across Australia. "Transplantation: the Issues" is a cross curriculum program which aims to create an informed society of people who understand and appreciate the issues involved in transplantation and to encourage them to discuss with their families and friends the implication of becoming a recipient or donor. The kit has been endorsed as a national project for promotion by Rotary Clubs across Australia and has gained acceptance in a number of countries overseas.
The Australian Co-ordinating Committee for Organ Registries and Donation (ACCORD) is a national body responsible for the development, co-ordination and implementation of national strategies aimed at improving the process of cadaveric organ donations. The secretariat of ACCORD is funded by both Federal and State governments through the Australian Health Ministers' Advisory Council.
CONCLUSIONS
Organ donation permitted nearly 700 organ transplants and 900 corneal transplants in 1993. The success of this therapy in providing normal or nearnormal quality of life for a large number of mortally ill patients, has generated increasing numbers of patients awaiting transplantation and has contributed to broadened indications. The major limiting factor for transplantation in Australia, as in many but not all developed countries, is the rate at which organs are actually donated after death.
